The purpose of this investigation was to determine the effect of stable and unstable conditions on one repetition maximum strength and muscle activity during dynamic squatting using absolute and relative loading. Methods: Ten recreationally weight-trained males participated in this study (age = 24.1 ± 2.0 y, height = 178.0 ± 5.6 cm, body mass = 83.7 ± 13.4 kg, 1RM/body mass = 1.53 ± 0.31), which involved two laboratory sessions separated by 1 wk. Linear position transducers were used to track bar displacement while subjects stood on a force plate for all trials. Vastus lateralis (VL), biceps femoris (BF) and erector spinae (L1) muscle activity (average integrated EMG [IEMG]) was also recorded during all trials. During the first session subjects complete a one repetition maximum test in a stable dynamic squat (S1RM = 128.0 ± 31.4 kg) and an unstable dynamic squat (U1RM = 83.8 ± 17.3 kg) in a randomized order with a 30-min rest period between conditions. The second session consisted of the performance of three trials each for 12 different conditions (unstable and stable squats using three different absolute loads [six conditions] and unstable and stable squats using three different relative loads [six conditions]). Results: Results revealed a statistically significant difference between S1RM and U1RM values (P ≤ .05). The stable trials resulted in the same or a significantly higher value for VL, BF and L1 muscle activity in comparison with the unstable trials for all twelve conditions. Conclusions: Unstable squatting is of equal or less (depending on the loading condition) benefit to improving or maximizing muscle activity during resistance exercise.
Several recent investigations have attempted to determine the level of muscle activity associated with the performance of exercises in an unstable condition. [1] [2] [3] [4] [5] [6] [7] [8] [9] Two recent studies have focused specifically on squatting. 1, 7 One investigation indicates an increase in erector spinae muscle activity with instability in squatting. 1 Two investigations have indicated no increase or a decrease in vastus lateralis activity with instability in squatting. 1, 7 Muscle force output as a result of instability has been shown to decrease by 46% in comparison with a stable squat. 7 Another investigation examining the bench press indicated no difference in one repetition maximum strength as a result of instability. 3 Methodological differences are proposed to be the possible factor in the contradictory nature of the results in these previous investigations. Specifically there is concern over the type of loading used to compare stable and unstable conditions during exercises. The purpose of this investigation was to compare stable and unstable dynamic squatting conditions utilizing both absolute and relative loading trials.
As described above, muscle force output has been shown to decrease by 46% in an unstable condition during isometric squatting. 7 Therefore, it must be assumed that the dynamic one repetition maximum in a squat would be lower during an unstable condition. One study indicated no difference in one repetition maximum strength when comparing a stable and unstable bench press. 3 However, it must be noted that in this investigation the bench press was performed in a Smith machine for both the stable and unstable conditions and thus the level of instability in the bench press performed not on a Swiss ball but in a Smith machine is questioned. Thus, the level of instability may determine the outcome of the comparison, meaning a large level of instability may create a decrease in muscle activity, while a moderate level of instability may not. Several investigations have indicated no increase or a decrease in muscle activity as a result of instability. Lehman et al 4 reported that a push-up exercise performed with instability did not result in an increase in scapulothoracic stabilizing muscle activity. McBride et al 7 reported that squatting with instability did not increase vastus lateralis or biceps femoris muscle activity. However, Norwood et al 8 reported significant increases in trunk muscle activity with instability in the bench press. It must be noted that in all conditions in this investigation only absolute loading was used (9.1 kg). 8 In addition, Goodman et al 3 reported no difference in muscle activity in a stable and unstable bench press using relative loading.
Many of the contradictory results of the previous investigations in this area appear to be influenced by whether absolute or relative loading is used for the comparison between the stable and unstable conditions. Therefore, this investigation examined one repetition maximum strength in a free weight dynamic squat between stable and unstable conditions. In addition, muscle activity was examined between stable and unstable conditions using trials consisting of both relative and absolute loading.
Methods

Subjects
Ten recreationally weight trained males participated in this study (age = 24.1 ± 2.0 y, height = 178.0 ± 5.6 cm, body mass = 83.7 ± 13.4 kg, 1RM/body mass = 1.53 ± 0.31). All subjects were asked to provide oral and written voluntary consent before participation. The Institutional Review Board of Appalachian State University approved the procedures for this investigation.
Study Design
Testing involved two laboratory sessions separated by 1 wk. Linear position transducers were used to track bar displacement while subjects stood on a force plate for all trials. Vastus lateralis (VL), biceps femoris (BF) and erector spinae (L1) muscle activity (average integrated EMG [IEMG] ) was also recorded during all trials. During the first session subjects complete a one repetition maximum test in a stable dynamic squat and an unstable dynamic squat in a randomized order with a 30-min rest period between conditions. The second session consisted of the performance of three trials each for 12 different conditions in a randomized order: (1) unstable squats using 70% of U1RM, (2) unstable squats using 80% of U1RM, (3) unstable squats using 90% of U1RM, (4) stable squats using 70% of S1RM, (5) stable squat using 80% of S1RM (6) stable squats using 90% of S1RM, (7) unstable squats using 58.6 ± 12.1 kg, (8) unstable squats using 67.0 ± 13.9 kg, (9) unstable squats using 75.4 ± 15.6 kg, (10) stable squats using 58.6 ± 12.1 kg, (11) stable squats using 67.0 ± 13.9 kg, and (12) stable squats using 75.4 ± 15.6 kg. Absolute values were a percentage of the stable 1RM and used for both the stable and unstable squat trials for the absolute load comparisons. All trials were performed to a seventy degree knee angle marked by an elastic cord. Instability was created during the squat by placing an inflated disc under each foot. During the concentric phase subjects were instructed to move the bar as fast as possible without leaving the ground.
One Repetition Maximum (1RM) Testing
A 5-min cycle ergometer warm-up was performed before the 1RM testing protocol. A free weight back squat was completed during the first session under two conditions (stable (S1RM) and unstable (U1RM)). The conditions were randomized and there was 30 min of rest in-between the 1RM conditions. Subjects performed a set with 50% of their estimated 1RM for six repetitions, followed by four repetitions at 70% of their estimated 1RM, and two repetitions at 90% of their estimated 1RM prior attempting four trials with maximal weight. Two minutes of rest was allowed in-between the warm-up sets and time was extended up to 5 min for the maximal lift attempts. 10 The 1RM was recorded as the maximum load that could be lifted through the proper range of motion (70° knee angle-marked by elastic cord).
Kinetic and Kinematic Data
Vertical ground reaction forces during all trials were recorded using a force plate (AMTI, BP6001200, Watertown, MA). Kinematic data were recorded using two linear position transducers (LPT) (Celesco transducer products, PT5A-150, Chatsworth, CA, USA). The two LPTs, located anterior and posterior to the subject during the lifts, were attached to the barbell. Triangular geometry allowed for the calculation of vertical and horizontal displacement of the barbell as explained previously. 10 Signals from the two LPTs and the force plate underwent rectangular smoothing with a moving average half-width of 12.
10 The analog signals were collected at 1000 Hz using a BNC-2010 interface box with an analog-to-digital card (National Instruments, NI PCI-6014, Austin, Texas, USA). Custom-designed LabVIEW (National Instruments, Version 8.2, Austin, TX, USA) programs were used to collect and analyze the data. Data from the displacement-time curves of the squats allowed for appropriate separation of eccentric and concentric phase variables.
Electromyography
Muscle activity was recorded from vastus lateralis (VL), biceps femoris (BF), and erector spinae (L1) muscles. The skin was shaved, abraded, and cleansed with alcohol before placing a disposable bipolar surface electrode (Noraxon USA Inc., Scottsdale, Arizona, USA; 2-cm interelectrode distance, 1 cm 2 of circular conductive area) over the muscle. Placement of the electrodes was based on previous investigations which measured muscle activity from VL, BF and L1. 7, 11 The myoelectric signal was transmitted through the use of a telemetry transmitter (eight-channel, 12-bit analog-to-digital converter, Noraxon USA Inc., Scottsdale, AZ, USA). The amplified myoelectric signal, which was recorded during the exercises, was detected by the receiver-amplifier (Telemyo 900, gain = 2000, differential input impedance = 10 MΩ, bandwidth frequency 10 to 500 Hz, common mode rejection ratio = 85 dB, Noraxon USA) and then sampled by an A/D card (National Instruments, NI PCI-6014, Austin, TX, USA) at 1000 Hz. The signal was full wave rectified and filtered (six-pole Butterworth, notch filter 60 Hz, band pass filter 10 to 200 Hz). The integrated value (mV⋅s) was calculated and then averaged over the time of the eccentric or concentric phase to determine average integrated EMG (IEMG; mV). 7 A custom-designed program created in LabVIEW was used for recording and analyzing the data.
Statistical Analyses
Differences between variables were determined through a repeated measures general linear model. The criterion alpha level for all statistics was set at P ≤ .05. All statistical analyses were completed using a statistical software package (SPSS Version 15.0, SPSS Inc., Chicago, Illinois, USA).
Results
One repetition maximum strength during the stable free weight squat (S1RM = 128.0 ± 31.4 kg) was statistically significantly higher in comparison to the unstable free weight squat (U1RM = 83.8 ± 17.3 kg) (P ≤ 0.05). Vastus lateralis (VL) average integrated EMG values (IEMG -mV) are presented in Tables 1 and 2 during the eccentric (Ecc) and concentric (Con) phase for all 12 conditions. The VL average IEMG was significantly higher during both the eccentric and concentric phase of all stable conditions in comparison to the unstable conditions except during the concentric phase of the absolute loading condition of 75 kg.
Biceps femoris (BF) average integrated EMG (IEMG -mV) values are presented in Tables 1 and 2 . During four of the twelve conditions BF muscle activity was significantly higher during the stable squat compared with the unstable squat. Erector Spinae (L1) average integrated EMG (IEMG -mV) values are presented in Tables  1 and 2 . L1 muscle activity was only significantly higher during the eccentric phase of the stable squat when compared during the 90% of S1RM and U1RM condition.
Discussion
The data from this investigation indicate that comparison of muscle activity between stable and unstable trials is dependent on whether relative or absolute loading is used. Comparison between stable and unstable trials using absolute loading results in less significant differences in muscle activity in contrast to relative loading conditions. It should be noted that the 1RM value for a stable free weight squat is significantly higher in comparison with the 1RM value for an unstable free weight squat. Therefore, utilizing absolute loading is not a scientifically sound method of determining if there is a difference in muscle activity in stable and unstable exercise trials. During the absolute loading conditions subjects performing stable squats were using approximately 45.8% (58.6 ± 12.1 kg), 52.3% (67.0 ± 13.9 kg) and 58.9% (75.4 ± 15.6 kg) of their maximal load capabilities (S1RM = 128.0 ± 31.4 kg). In contrast subjects performing the unstable squats using absolute loading were using approximately 69.9% (58.6 ± 12.1 kg), 80.0% (67.0 ± 13.9 kg) and 90.0% (75.4 ± 15.6 kg) of their maximal load capabilities (US1RM = 83.8 ± 17.3 kg).
A previous investigation has reported no difference in 1RM values between stable and unstable trials in a bench press. 3 However, one previous investigation 7 and the current investigation indicate that maximal strength capabilities in an unstable trial is 35% to 46% less than during a stable trial. The previous investigation used a Smith machine, which may have limited the actual difference in stability between the two conditions. 3 Another investigation also reported lower force output in an unstable trial during a leg extensor exercise in comparison with a stable trial. 12 Thus, it appears fairly conclusive that maximal force output capabilities are diminished with instability.
With respect to variations in reports of muscle activity during stable and unstable conditions it appears that the discrepancies, to a certain extent, can be explained by the use of absolute or relative loading. Data from the current study clearly shows that using absolute loading attenuates the differences observed in muscle activity between stable and unstable trials. For example, Norwood et al 8 reported significantly higher levels of trunk muscle activity during an unstable bench press exercise but used absolute loading. The current investigation found significantly higher L1 muscle activity in a stable squat in the eccentric phase when using relative loading at 90% of maximal strength, but these differences did not exist during the absolute loading conditions. As explained above the scientific validity of isolating the effect of stability or instability independent of intensity requires the comparison based on relative and not absolute loading.
In conclusion, it appears that instability, whether comparing among absolute or relative loading conditions, does not increase muscle activity of prime movers (VL, BF) or trunk musculature (L1). Furthermore, when appropriately comparing stable and unstable trials using relative loading, muscle activity is actually significantly decreased as a result of instability. Therefore, it is concluded based on the current data that using instability during exercises results in a diminished capacity to improve strength or function of the active musculature and is not recommended as a viable tool for exercise intervention in either healthy or injured subject populations.
